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Abstract
The postnatal feeding practices of obese and overweight mothers may place their children at
particular risk for the development of obesity through shared biology and family environments.
This paper reviews the feeding practices of obese mothers, describes potential mechanisms linking
maternal feeding behaviors to child obesity risk, and highlights potential avenues for intervention.
This review documents that supporting breastfeeding, improving the food choices of obese
women, and encouraging the development of feeding styles that are responsive to hunger and
satiety cues are important for improving the quality of the eating environment and preventing the
intergenerational transmission of obesity.
With the growing prevalence of obesity worldwide, an increasing proportion of women enter
pregnancy overweight or obese. In the United States, 35% of women over the age of 20 are
obese (BMI>30 kg/m2) and 64% are overweight or obese (BMI>25 kg/m2;).1 Although the
national prevalence of obesity in pregnant women is not available, data from the Pregnancy
Risk Assessment Monitoring System (PRAMS), a population-based surveillance system in
26 US states and New York City, indicate that one in five women giving birth was obese in
2004-2005.2 The potential public health problem of maternal obesity and overweight
extends from immediate consequences of poor birth outcomes, such as stillbirth,
macrosomia, and neonatal intensive care unit (NICU) admission, to longer-term
consequences for offspring obesity and chronic disease.3-5 Maternal obesity prior to, during,
and after pregnancy increases pediatric obesity risk.3,6,7 Maternal obesity in early pregnancy
more than doubles the risk of overweight in young children,8 and maternal adiposity,
measured through mid-upper arm circumference, is associated with higher fat mass in early
childhood.6,9 Indeed, a family history of obesity, and maternal obesity in particular, is one of
the strongest risk factors for obesity at any stage in the lifecycle.10
This concordance between maternal and child obesity stems from a number of factors,
including shared genetic risk factors,11 nutritional conditions of the intra-uterine
environment,3,4,7 and shared postnatal dietary, physical, and behavioral characteristics.12-14
While the relative importance of each of these roles continues to be debated,3,7,12 the impact
of maternal obesity on child feeding, a modifiable postnatal risk factor moderating child
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obesity risk,15 may be particularly important in shaping long-term diet by influencing food
availability, modeling eating behaviors, and shaping food preferences. Feeding differences
between obese and non-obese mothers have generally received less attention in the
literature; however, obese mothers are less likely to breastfeed16,17 and more likely to feed
their children too much or provide a poor quality diet.18 Since young children learn how,
what, when and how much to eat based on familial, and particularly maternal, beliefs,
attitudes, and practices surrounding food and eating during the transition to solid foods and
family diets,19,20 children of obese mothers may be at greater risk for the development of
obesogenic, lifelong eating practices. Thus, this paper reviews overweight and obese
mothers' infant and toddler feeding practices, focusing on the first two years of life where
possible, discusses proposed mechanisms linking early feeding practices to the
intergenerational transmission of obesity in humans and animal models, and highlights
potential opportunities for intervention.
Maternal Obesity and Breastfeeding
One aspect of early feeding differences between obese and non-obese mothers that has
received a great deal of attention is breastfeeding initiation and duration. Breastfeeding
initiation is consistently lower and duration consistently shorter in overweight and obese
women compared to normal-weight women. A recent meta-analysis found that overweight
and obese women were 1.19-3.09 times less likely to initiate breastfeeding16 while a
population-based study of nearly 300,000 births in the UK found that maternal obesity was
associated with significantly reduced odds of breastfeeding at hospital discharge.21 Among
overweight and obese women who do establish breastfeeding, duration is also shorter. Obese
women are over 50% less likely to breastfeed at 6 months compared to normal weight
women, even when adjusting for a number of potential confounders including breastfeeding
intention, age, smoking, and depression.16
Weight-related disparities in breastfeeding initiation and duration stem from a number of
physiological and psychosocial causes. Obese mothers are more likely to experience
complications during pregnancy and delivery, such as fetal macrosomia and caesarean-
section delivery, leading to difficulty establishing breastfeeding.17 Excess adiposity prior to,
during, and after pregnancy contributes to disregulation of the hypothalamic-pituitary-
gonadal axis,22 low prolactin levels in response to infant suckling,23 and delayed onset of
milk production.24 Overweight and obese women are nearly 2.5 times more likely than
normal weight women to have a late arrival of milk,16 a significant risk factor for
breastfeeding cessation or formula supplementation.25 Obese women also tend to have
larger breasts, which can cause mechanical challenges for latching on and positioning during
feeds and contribute to difficulties in establishing and maintaining breastfeeding.16
Additionally, infants of obese mothers may have a higher demand for energy intake and be
less satisfied with breastmilk26 leading to perceived milk insufficiency.27 Obese mothers are
also less likely to seek breastfeeding support when difficulties with milk production are
encountered27 further reducing breastfeeding duration.
The role of physiology in limiting the breastfeeding capabilities of obese women remains
unclear since the association between overweight/obesity and breastfeeding is confounded
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by a number of social and psychological factors. Obesity is more common among women
who have lower socioeconomic status and depression, both independent risk factors for
lower rates of breastfeeding.26,28 Adjustment for a host of potential confounders including
race/ethnicity and poverty identified only a relatively small independent effect of maternal
obesity on breastfeeding duration of less than 2 weeks.29 Moreover, the association between
obesity and reduced breastfeeding does not appear to be universal across societies,16
suggesting that the social positioning of obese women and the stigma associated with
maternal obesity are determinants of breastfeeding practice. A study of American women
who were highly committed to breastfeeding and supported by their partners and physicians
highlights the strong psychosocial influence on breastfeeding.30 Despite similar intentions to
breastfeed, obese mothers breastfed for shorter durations and failed to meet their own
breastfeeding goals, a finding that was explained in part by a lack of comfort and confidence
in their bodies postpartum.30
Regardless of its causes, reduced breastfeeding may be an important mechanism in the
intergenerational transmission of obesity. Although the importance of breastfeeding for
preventing later obesity has recently been called in to question31, numerous studies indicate
that breastfeeding provides weak to moderate protection against the development of later
obesity, with an overall reduction in odds between 20 and 30%.32-34 Infants weaned earlier
gain weight more rapidly35 possibly due to higher energy intakes from formula-feeding,36
impaired self-regulation,37 and earlier complementary feeding.38 The interaction between
maternal weight status and breastfeeding practices on child obesity has less often been
considered, but a study of Danish infants found that infants of overweight women had higher
weight gains, shorter durations of breastfeeding, and earlier introduction to solid foods.35
The additive effect of maternal obesity and lack of breastfeeding on child overweight has
been documented in 2636 American two to 14-year-old children, whose mothers
participated in the National Longitudinal Survey of Youth 1979 (NLSY79).39 Children with
overweight mothers who did not breastfeed had a 6-fold greater risk for overweight
compared to the breastfed children of normal-weight mothers.
Whether breastfeeding by obese mothers protects against child obesity remains an open
question. In the NLSY79, breastfeeding for at least 4 months reduced the magnitude of risk
of obesity --although obesity risk was still higher among the children of obese mothers--
indicating that breastfeeding remains protective even when mothers are obese.39 This
finding contrasts research in humans and animal models documenting that maternal diet can
alter the composition of breastmilk potentially attenuating its benefits.5 Obesity-derived
alterations in fat metabolism negatively impact breastmilk triglyceride composition.40,41
Breastmilk contains a higher proportion of medium chain fatty acids when the fatty acids are
produced via de novo synthesis in the breast than when they are derived from the maternal
fat stores, which contribute longer-chain fatty acids (LCTA).41 Maternal obesity and/or
high-fat diets then could reduce the proportion of the more readily digested medium chain
fatty acids and increase the proportion of LCTA. Unlike medium chain fatty acids, LCTAs
require bile for transport across the infant intestine and, in young infants with immature
digestive systems, may not be well absorbed. Thus, milk with greater LCTAs could lead to
greater infant hunger, a risk factor for formula and/or solid supplementation.
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Along with these differences in fat content, differences in the hormonal content of obese
mothers' breastmilk could play a critical role in programming the neural circuitry regulating
appetite, energy balance and eating behavior in offspring.5,42,43 In rat models, the offspring
of obese mothers fed a highly-palatable diet during pregnancy and lactation have higher
levels of orexigenic peptides, develop hyperphagia, and have greater adiposity in
adolescence and adulthood.5,7,43 While the exact mechanisms leading to hyperphagia have
yet to be identified, elevated lipid, leptin or insulin levels in the plasma and breastmilk of
obese mothers have been implicated as possible programming factors.5 Comparable studies
are lacking in humans; however, measurement of infant sucking behavior indicates that
exposure to maternal obesity induces changes in human infant eating behavior as well.
Sucking frequency was 50% higher in 3-month-old infants born to obese mothers and
predicted body weight at age 2.44 In addition to potential exposure to metabolic hormones in
breastmilk, shared appetite traits between obese mothers and their offspring may also link
maternal obesity to infant sucking behaviors. Recent research in a birth cohort of twins45
found that the appetite size of mothers and their 3-month-old infants were significantly
correlated. Heritability modeling further suggested that shared genetics accounted for nearly
50% of the variance in appetite size. How breastfeeding may moderate these shared
propensities to influence the development of appetitive characteristics merits further
research.
Maternal Obesity and Child Diet Patterns
While the association between maternal obesity and reduced duration of breastfeeding is
well-documented, few studies have examined differences in solid feeding practices between
obese and normal-weight mothers.4,41,46 Yet this transition to solid foods is particularly
important in the establishment of long-term eating behaviors. As children transition to the
family diet, maternal diet preferences and practices exert greater influence on the types and
amounts of foods available to young children which in turn shape child preferences and
consumption. Mothers play an important role in modeling food choices14,47 and their weight
status affects children's food preferences, perhaps even more than children's own weight
status.48 Differences in the diets of obese mothers, who may more eat energy-dense, high-fat
foods,49 therefore, could influence both what children are fed and the likelihood of early
excess weight gain.
Few studies have directly examined the infant feeding practices of obese mothers, but much
evidence documents that maternal food intake is associated with children's eating behaviors
from a young age.50-53 Parent intake has been associated with child intake across all food
groups except sugar-sweetened beverages,54 though the magnitude of this association differs
across child age and weight status, sociodemographic indicators, and race/ethnicity.50,53
Poor maternal diet quality is associated with the early introduction and inappropriate quality
of solid foods in infants55 and similarities in the types of foods consumed begin in the
second year of life.53 In the limited research examining the infant feeding practices of obese
mothers, obese mothers introduced solid foods sooner than normal-weight mothers35 and
provided a poorer diet quality with higher proportions of “adult” foods to their infants.18
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These solid feeding practices could contribute to higher energy intakes in infants and young
children, a risk factor for later obesity.56 A small laboratory-based study found that infants
born to obese mothers consumed more energy and more energy as carbohydrates than
infants of normal-weight mothers and that these higher intakes were due to increased
consumption of solid foods.46 More recently, 6-year-old children with obese mothers were
found to consume more energy across 3-days of weighed food records.10 These higher
intakes were seen despite a lack of difference in the energy density of selected foods,
suggesting that greater intakes rather than diet choices per se were responsible for the higher
calories consumed.
Along with modeling diet patterns, maternal food choices shape child food preferences. A
heightened, shared preference for sweets and sugar-sweetened drinks has been identified in
overweight and obese mothers and their children across a number of settings. Overweight
mothers introduced sweets, pastries and sugar-sweetened beverages to infants earlier than
normal weight mothers, and infants consumed these sweets more frequently if their mothers
were overweight and ate sweets more frequently themselves.57 In a lab-based observational
study, obese mothers and their preschool children ate more sweets than normal weight
mothers and their children though there were no differences in consumption of other food
types.58 Similarly, mothers and their children share preferences for high-fat foods. A
number of studies have documented that parental preference for high-fat foods and parental
adiposity are associated with preschool children's preferences for high fat foods49 and the
percentage of energy consumed as fat.49,59 Such findings have led researchers to conclude
that shared genetic predispositions to sweeter and higher-fat foods underlie the development
of obesogenic diets in obese mothers and their children.14,60 Experimental animal models,
however, also show that exposure to maternal high-sugar and high-fat diets during gestation
or lactation increases offspring preference for higher sugar and fat diets into adulthood in
rats, sheep and non-human primates.12,43 Rats whose mothers were fed high-fat “junk food”
diets during pregnancy and lactation, for example, develop an exaggerated preference for
fatty and/or sweet foods compared to control fed animals.42,61 Thus, both shared genetics
and shared dietary exposures are likely important in determining long-term preferences.
Maternal Obesity and Child Feeding Behaviors
Along with these differences in diet patterns and intake, maternal feeding practices also
shape the physical and emotional context of eating.20,62 Mothers' interactions with their
children during meals, instrumental use of foods, and feeding styles influence children's
energy balance and eating behavior, and evidence suggests these feeding practices differ
between obese and normal-weight mothers. Obese mothers of infants and toddlers reported a
lower degree of structure during feeding, higher television watching and lower interaction
during meals, and a less set mealtime routine in a large, ethnically-diverse sample.63 Obese
mothers also spent less time interacting with their infants and less time feeding them over
the course of a 24-hour observation period in a lab-based study.46 Since the quality of family
interactions during eating influences children's eating practices, attitudes towards food, and
assessment of satiety,20 this lack of responsive interactions during feeding can negatively
impact child intake.
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Obese mothers may also model eating in response to factors external to hunger and satiety.
A recent observational study64 found that mothers' responsiveness to fullness cues in their
infants and toddlers was inversely associated with their own BMI. These findings suggest
that overweight or obese mothers, who may be less aware of their own internal satiety cues,
may similarly not recognize these cues in their infants. Obese mothers may consume foods
for emotional reasons and, in their children, use foods instrumentally to reward or control
child behavior.65 They may also encourage eating and prompt their children to eat more
during meals.65 While relatively little research has focused on infants, studies show that
preschool children with obese parents have higher responsiveness to foods60 and overeating
in response to emotional cues than children with normal-weight parents.60,66 These findings
are not universal, however, and a number of studies have found no difference between obese
and normal-weight mothers in prompting child eating,65,67 using food as a reward or in
response to emotional distress, or encouraging children to eat more.58,65,68,69 Disinhibited
eating, an eating style characterized by the tendency to consume large amounts of palatable
foods in a short time not in response to hunger,70 on the other hand, consistently differs
between the children of obese and normal-weight mothers.70-73 Although eating in the
absence of hunger (EAH), a behavioral measure of disinhibited eating, has not been studied
in infants, preschool children show differences in EAH based on maternal obesity. Boys
with obese mothers consumed more food in the absence of hunger –measured as snack
consumption after an ad libitum meal consumed until full-- than normal weight boys.74
These results indicate that children with obese mothers may be more responsive food
availability or, alternatively, less responsive to satiety cues.
Comparison of the feeding styles of obese and non-obese mothers also indicate that the
emotional context and attitudes surrounding feeding differ by maternal weight status.65
Mothers with higher BMI reported using more restrictive feeding practices, limiting the
quantity and quality of foods provided to their toddlers, and were observed using more
pressure to get children to eat during mealtimes.68 Among mothers of 18-64 month-old
children, mothers' BMI and concerns about her weight were related to the use of controlling
(pressuring or restrictive) feeding practices.68 Similarly, mothers of preschool children
reported a greater use of restriction when they had greater weight and eating concerns of
their own,72 suggesting that restrictive practices are influenced by mothers' own struggles
with their weight and concerns about their children's future weight struggles beginning early
in life. However, other studies have found that higher maternal BMI73 and obesity65 were
associated with lower levels of maternal control, so the relationship between maternal
weight, weight concerns, and child feeding clearly varies across populations of mothers and
children.
Interestingly, a number of studies have found no evidence for an “obesogenic” feeding style
that distinguishes obese and normal weight mothers.65,71,75 Rather, restrictive feeding styles
may produce different growth outcomes in the children of obese mothers, who are
predisposed to excessive weight gain due to shared genetic and environmental influences.71
A number of studies have found that maternal restriction and/or control during feeding are
associated with obesity in the children of obese but not normal weight mothers.10,71,75,76
Further, restrictive feeding styles and the emotional use of food cluster in obese mothers,
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placing their children at particular risk for excess weight gain.10 The use of restriction by
overweight mothers of 5-year-old girls, who themselves had higher EAH than normal
weight mothers,71 was associated with increased EAH from 5-9 years of age and higher
BMI at age 9 in their daughters.70 Taken together, the differential impact of feeding styles
and disinhibited eating on the children of obese mothers indicates that maternal overweight
may provide both the predisposition and context for the development of obesogenic eating
behaviors in children.71
Conclusion: The early feeding environment of obese mothers and
opportunities for intervention
Increasing evidence supports an important role for maternal obesity in the development of
childhood obesity and subsequent adult disease. However, critical gaps in the literature
remain. Further research is particularly needed to address the complementary feeding
practices of overweight and obese mothers and how these practices, in conjunction with
shared biology and shared psychosocial and physical feeding environments, may shape the
development of appetite, energy intakes, and food preferences during the critical periods of
early infancy, the transition to solid foods, and the adoption of the family diet. Many of
these pathways linking maternal obesity and feeding practices to child overweight are well
described for preschool children; yet, while receiving comparatively less attention,
differences in the early feeding practices of obese mothers may be particularly important in
the intergenerational transmission of obesity.
The poorer early diet quality with low levels of breastfeeding and higher intakes of high
energy and fat foods seen in the infants and young children of obese mothers place them at
risk for excess weight gain.38,56 Exposure to these obesogenic early diets also influence
appetite regulation, entraining the hypothalamic neural circuitry regulating appetite by
inducing permanent changes in the complex pathways linking the hypothalamus,
gastrointestinal tract and adipose tissue.77 Along with these physiological impacts, maternal
diet modeling,14 the foods available in the household,51 and the emotional climate
surrounding infant feeding20 shape later responsiveness to satiety cues and food acceptance.
Obese mothers' feeding styles may be more or less responsive to infant hunger and satiety
cues and, when combined with early solid feeding and/or poor diet quality, less responsive
feeding contributes to intakes in excess of needs and the “over-riding” of the infant's internal
satiety cues. Thus, early intervention is needed to stem the development of an obesogenic
eating environment and prevent early excess weight gain.
Improving food choice and reducing caloric intake in children at risk for obesity are required
for long-term change and, given mothers' influence as the primary food providers on their
children's diets, two-generation programs are essential.62 Results from interventions
targeting the overweight and obese mothers of obese children indicate that parental role
modeling of healthy behaviors has the greatest impact on children's eating and activity
behaviors.78 Overweight and obese mothers who modify their food choices are more likely
to make comparable changes for their children, resulting in improved toddler diets with
lowered intakes of calories, fat, sugar-sweetened beverages and fast foods.78 Further, studies
suggest that focusing on improving food-related parenting styles, encouraging mothers to
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assume leadership roles in changing feeding environments and to grant appropriate child
autonomy while remaining firm and supportive, also result in an improved food environment
and less sedentary behavior.62 Focusing on supporting breastfeeding, improving the food
choices of obese women, and encouraging the development of authoritative feeding styles
may improve the quality of the early feeding environment, a critical step for preventing early
obesity.
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Figure 1. Maternal obesity, feeding behaviors and child obesity risk
This figure describes the reviewed literature showing feeding differences between
overweight/obese mothers and normal weight mothers. Potential mechanisms linking
maternal obesity to these feeding practices are shown along the solid pathways. Dashed lines
indicate the potential pathways linking maternal feeding behaviors to child overweight/
obesity.
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